a2 United States Patent

Miyazawa et al.

US011671607B2

US 11,671,607 B2
Jun. 6, 2023

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

")

@

(22)

(86)

87

(65)

(1)

(52)

(58)

IMAGE TRANSMISSION DEVICE, IMAGE
RECEPTION DEVICE AND COMPUTER
READABLE MEDIUM

Applicant: Mitsubishi Electric Corporation,
Tokyo (JP)

Inventors: Jin Miyazawa, Tokyo (JP); Shinya

Hirakuri, Tokyo (IP)

MITSUBISHI ELECTRIC
CORPORATION, Tokyo (IP)

Assignee:

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.
Appl. No.: 17/634,241
PCT Filed: Aug. 23, 2019

PCT No.:

§ 371 (e)(D),
(2) Date:

PCT/IP2019/033014

Feb. 10, 2022

PCT Pub. No.. W02021/038625
PCT Pub. Date: Mar. 4, 2021

Prior Publication Data

US 2022/0377351 Al Nov. 24, 2022

Int. CL.

HO04N 19/166 (2014.01)

HO4N 19/182 (2014.01)

U.S. CL

CPC ... HO4N 19/166 (2014.11); HO4N 19/182
(2014.11)

Field of Classification Search

USPC e 375/240.02

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
4,815,078 A 3/1989 Shimura
5,086,489 A 2/1992 Shimura
(Continued)
FOREIGN PATENT DOCUMENTS
Jp S62-231569 A 10/1987
Jp 2-280462 A 11/1990
(Continued)

OTHER PUBLICATIONS

International Search Report dated Oct. 15, 2019, received for PCT
Application PCT/JP2019/033014, Filed on Aug. 23, 2019, 5 pages
including English Translation.

(Continued)

Primary Examiner — Behrooz M Senfi
(74) Attorney, Agent, or Firm — Xsensus LLP

(57) ABSTRACT

An image transmission device (100) includes a compression
unit (16) to generate first compression images (5) which are
obtained by irreversibly compressing divided images, and to
generate second compression images (6) which are obtained
by reversibly compressing each of the first compression
images (5), a decompression unit (17) to decompress each of
the first compression images (5) as decompression images
(7), a division sum image generation unit (12) to generate a
division sum image (imgSUM), an error sum image gen-
eration unit (13) to generate an error sum image
(AimgSUM), a judgment unit (14) to generate judgment data
(Dj), and a transmission unit (15) to transmit the second
compression images (6), the division sum image (imgSUM),
the error sum image (AimgSUM) and the judgment data
Op.
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1
IMAGE TRANSMISSION DEVICE, IMAGE
RECEPTION DEVICE AND COMPUTER
READABLE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is based on PCT filing PCT/
JP2019/033014, filed Aug. 23, 2019, the entire contents of
which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to an image transmission
device, an image reception device, an image transmission
program and an image reception program.

BACKGROUND ART

There is a system to compress on an artificial satellite and
transmit to the earth large-volume image data requiring
high-speed transmission, such as a satellite image, and to
decompress the compressed image on the ground. In such a
system, there is a case wherein an error occurs in the
decompressed image which has been decompressed on the
ground. As for an error in a decompressed image, according
to a conventional technology, there exists a technique to
suppress fluctuation in image quality associated with packet
losses (for example, Patent Literature 1). However, since an
original image is restored by interpolation according to the
conventional technology, there is a problem in quality of the
original image restored.

Further, as a countermeasure for an error due to radiation
in outer space being one of occurrence factors of the
above-mentioned image error, a technique to determine
output by majority decision by using equal to or more than
three same devices is widely used. However, according to
this technique, there is a problem that a device scale is
increased.

CITATION LIST
Patent Literature

Patent Literature 1: JP2017-228903 A

SUMMARY OF INVENTION
Technical Problem

The present invention is aimed at providing a device to
transmit, when an error occurs in a decompressed image that
has been decompressed, data which makes it possible to
obtain a restored image equivalent to a decompressed image
at the time when an error does not occur.

Solution to Problem

There is provided according to one aspect of the present
invention, an image transmission device includes:

a compression unit to generate a first compression image
by irreversibly compressing each divided image of a plu-
rality of divided images obtained by dividing an image, and
to generate a second compression image by reversibly
compressing the first compression image;
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2

a decompression unit to decompress either one of the first
compression image and the second compression image, as a
decompression image;

a first generation unit to aggregate a pixel value at a same
pixel position in the divided image, and to generate a
division sum image including a pixel value aggregated for
the same pixel position;

a second generation unit to generate, for the decompres-
sion image, an error image indicating a compression error of
the decompression image relative to the divided image, to
aggregate a pixel value at a same pixel position in the error
image, and to generate an error sum image including the
pixel value aggregated for the same pixel position;

a judgment unit to judge whether the compression error
indicated by the error image exceeds a tolerable value, and
to generate judgment data indicating a judgment result, and

a transmission unit to transmit the second compression
image for the divided image, the division sum image, the
error sum image and the judgment data.

Advantageous Effects of Invention

According to an image transmission device of the present
invention, when an error occurs in a decompression image
that has been decompressed, it is possible to provide a
device to transmit data which makes it possible to obtain a
restoration image equivalent to a decompression image at
the time when an error does not occur.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram of a first embodiment, and is a
diagram illustrating a hardware configuration of an image
transmission device 100;

FIG. 2 is a diagram of the first embodiment, and is a
diagram illustrating a functional configuration of an image
reception device 200;

FIG. 3 is a diagram of the first embodiment, and is a
diagram illustrating a hardware configuration of the image
reception device 200;

FIG. 4 is a diagram of the first embodiment, and is a
flowchart illustrating operations of the image transmission
device 100 and the image reception device 200;

FIG. 5 is a diagram of the first embodiment, and is a
diagram illustrating an overview of the operations of the
image transmission device 100 and the image reception
device 200;

FIG. 6 is a diagram of a second embodiment, and is a
diagram illustrating a hardware configuration of the image
transmission device 100;

FIG. 7 is a diagram of the second embodiment, and is a
diagram illustrating a functional configuration of an image
reception device 200;

FIG. 8 is a diagram of the second embodiment, and is a
flowchart illustrating operations of the image transmission
device 100 and the image reception device 200; and

FIG. 9 is a diagram of the second embodiment, and is a
diagram to supplement a hardware configuration of the
image transmission device 100.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described by using diagrams. In each diagram, same or
corresponding elements are denoted by same reference
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numerals. In explanation of the embodiments, description
for the same or corresponding elements will be omitted or
simplified appropriately.

First Embodiment

With reference to FIG. 1 through FIG. 5, an explanation
will be provided of the image transmission device 100 and
the image reception device 200 of the first embodiment.

FIG. 1 illustrates a hardware configuration of the image
transmission device 100.

FIG. 2 illustrates a functional configuration of the image
reception device 200.

FIG. 3 illustrates a hardware configuration of the image
reception device 200.

*#*Hyplanation of Configuration™**

With reference to FIG. 1, the hardware configuration of
the image transmission device 100 will be described. An
FPGA in the following explanation is an abbreviation for
“field-programmable gate array.” The image transmission
device 100 includes a control FPGA #0, N-pieces of FPGAs
from an FPGA #1 through an FPGA #N, and a transmission
unit 15. The transmission unit 15 is a transmission device.

The image transmission device 100 is supposed to be
mounted on a spacecraft such as an artificial satellite or a
probe. Considering usage in a space, there are FPGAs with
high radiation resistivity and low radiation resistivity. Gen-
erally, an FPGA with high radiation resistivity is low in
processing performance. On the other hand, an FPGA with
low radiation resistivity is higher in processing performance
than an FPGA with high radiation resistivity. Since the
volume of images handled by the image transmission device
100 is large, it is necessary to perform compression pro-
cessing in parallel by a plurality of FPGAs. When compres-
sion processing is performed in parallel by a plurality of
FPGAs high in radiation resistivity and low in processing
performance, the parallel number is increased, and a prob-
lem relating to a hardware resource is occurred. On the other
hand, when compression processing is performed in parallel
by a plurality of FPGAs low in radiation resistivity and high
in processing performance, the parallel number is decreased,
and it is possible to reduce a hardware resource. However,
due to an error by radioactive rays such as single event upset
(SEU) or single event functional interrupt (SEFI), probabil-
ity of an error to occur in a decompressed image is raised.
The occurrence frequency of errors is considered to be a
degree to which an error occurs in one FPGA at most in one
imaging. Thus, in compression processing in parallel, a
plurality of FPGAs low in radiation resistivity and high in
processing performance are used. On the other hand, in
processing other than compression processing in parallel,
which does not require much throughput, an FPGA high in
radiation resistivity and low in processing performance is
used.

According to the above-mentioned view, the control
FPGA #0 is high in radiation resistivity and low in process-
ing performance. The FPGA #1 through the FPGA #N are
low in radiation resistivity and high in processing perfor-
mance. The FPGA #1 through the FPGA #N may be denoted
by FPGAs #K (K=1, 2, . . . N). An FPGA #K includes an
irreversible compression unit 1-K, a reversible compression
unit 2-K, a sub-decompression unit 3-K and a sub-code
generation unit 4-K. Further, the control FPGA #0 includes
a division unit 11, a division sum image generation unit 12,
an error sum image generation unit 13 and a judgment unit
14. The division sum image generation unit 12 is a first
generation unit, and the error sum image generation unit 13
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4

is a second generation unit. Each function of the control
FPGA #0, and the FPGA #1 through the FPGA #N will be
described in descriptions of operations.

With reference to FIG. 2 and FIG. 3, the configuration of
the image reception device 200 will be described. The image
reception device 200 is arranged in a ground station on the
earth. As illustrated in FIG. 2, the image reception device
200 includes, as functional elements, a reception unit 21, a
reception-side decompression unit 22, an error determina-
tion unit 23, an image generation unit 24 and a collation unit
25.

As illustrated in FIG. 3, the image reception device 200 is
a computer. The image reception device 200 includes a
processor 210. In addition to the processor 210, the image
reception device 200 includes other hardware components
such as a main storage device 220, an auxiliary storage
device 230, an input and output IF 240 and a communication
IF 250. IF is an abbreviation for Interface. The processor 210
is connected to other hardware components via a signal line
260, to control other hardware components.

The functions of the reception unit 21, the reception-side
decompression unit 22, the error determination unit 23, the
image generation unit 24 and the collation unit 25 are
realized by an image reception program 211 stored in the
auxiliary storage device 230. The image reception program
211 is a program to realize the functions of the reception unit
21, the reception-side decompression unit 22, the error
determination unit 23, the image generation unit 24 and the
collation unit 25.

The processor 210 executes the image reception program
211. The processor 210 is an integrated circuit (IC) to
perform arithmetic processing. Specific examples of the
processor 210 are a central processing unit (CPU), a digital
signal processor (DSP) and a graphics processing unit
(GPU).

The input and output IF 240 is a port through which data
is input and output from each device. The communication IF
250 is a communication port whereby a processor commu-
nicates with other devices. A reception device 251 is con-
nected to the communication IF 250. By using the commu-
nication IF 250 and the reception device 251, the reception
unit 21 receives data such as a second compression image
from the image transmission device 100.

The image reception program 211 is a program to make a
computer perform each processing, each procedure or each
step of “processing,” “procedure,” or “step” with which the
reception unit 21, the reception-side decompression unit 22,
the error determination unit 23, the image generation unit 24
and the collation unit 25 are replaced. Further, an image
reception calculation method is a method that is performed
by the image reception program 211 being executed by the
image reception device 200 being a computer. The image
reception program 211 may be provided by being stored in
a computer-readable storage medium, or may be provided as
a program product.

*#*Hxplanation of Operations™**

FIG. 4 is a flowchart illustrating operations of the image
transmission device 100 and the image reception device 200.

FIG. 5 illustrates an overview of the operations of the
image transmission device 100 and the image reception
device 200.

With reference to FIG. 4 and FIG. 5, the operations of the
image transmission device 100 and the image reception
device 200 will be described. An operation procedure of the
image transmission device 100 corresponds to an image
transmission method. A program to realize the operations of
the image transmission device 100 corresponds to an image
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transmission program 111. An operation procedure of the
image reception device 200 corresponds to an image recep-
tion method. A program to realize the operations of the
image reception device 200 corresponds to the image recep-
tion program 211.

The image transmission device 100 in the first embodi-
ment decompresses data after irreversible compression, and
takes the difference with an original image, in order to make
a compression error image. On the other hand, the image
transmission device 100 in a second embodiment to be
described below decompresses data after reversible com-
pression, and takes the difference with an original image, in
order to make a compression error image. Hereinafter, the
operations of the image transmission device 100 and the
image reception device 200 will be described.

<Step S11: Division>

In a step S11, the division part 11 divides an original
image into a plurality of divided images. When a divided
image is denoted by an imgK (K=1, 2, . . . . N), the division
unit 11 divides the original image into divided images from
an img]l through an imgN. The division unit 11 inputs each
of'the imgl1 through the imgN into the FPGA #1 through the
FPGA #N. An imgK is input into an FPGA #K.

<Step S12: Compression>

In a step S12, the irreversible compression units and the
reversible compression units in each FPGA compress the
imgKs. The irreversible compression unit 1-1 through the
irreversible compression unit 1-N, and the reversible com-
pression unit 2-1 through the reversible compression unit
2-N, in the FPGA #1 through the FPGA #N, form the
compression unit 16. The compression unit 16 irreversibly
compresses each imgK of the plurality of imgKs (K=1,
2, ...N) into which an image of the original image has been
divided, and generates first compression images 5 (#K). The
compression unit 16 reversibly compress the first compres-
sion images 5 (#K), and generates second compression
images 6 (#K). Specifically, as illustrated in FIG. 1, each
FPGA compresses the imgKs. For example, in the FPGA #1,
the irreversible compression unit 1-1 irreversibly com-
presses the img1 and generates a first compression image 5
(#1), and the reversible compression unit 2-1 reversibly
compresses the first compression image 5 (#1) and generates
a second compression image 6 (#1). The same applies to the
other FPGAs.

<Step S13: Generation of imgSUM>

In a step S13, the division sum image generation unit 12
being the first generation unit aggregates pixel values at the
same pixel positions in each imgK, and generates a division
sum image including the pixel values aggregated for each
pixel position. The division sum image is denoted by an
imgSUM.

Specifically as follows: The imgl through the imgN are
the same in size. The imgl through the imgN include Np
pieces of pixels i (i=1, 2 . . . Np), from a pixel 1 through a
pixel Np. A pixel i of an imgK is denoted by a pixel (K, 1).
Data in which pixels i of the imgl through the imgN are
aggregated is denoted by P(i).

Hence it follows that:

P(l)=pixel(1,1)+pixel(2,1)+ . . . +pixel(N,1),

P(2)=pixel(1,2)+pixel(2,2)+ . . . +pixel(N,2),

P(i)=pixel(1,i)+pixel(2,i)+ . . . +pixel(N,?),

P(Np)=pixel(1,Np)+pixel(2,Np)+ . . . +pixel(V,Np)
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6
An imgSUM is expressed by using P(1) through P(Np) as
follows:

imgSUM={P(1).PQ2), . . . ,PG), . . . P(Np)}

<Step S14: Decompression, Generation of AimgK>

In a step S14, the error sum image generation unit 13
being the second generation unit generates a AimgK being
an error image. As a prerequisite for the error sum image
generation unit 13 to generate the AimgK, a decompression
unit 17 decompresses either each of the first compression
images 5 (#K) or each of the second compression images 6
(#K), as decompression images 7 (#K). In the first embodi-
ment, as illustrated in FIG. 1, the decompression unit 17
decompresses each of the first compression images 5 (#K).
In the second embodiment, the decompression unit 17
decompresses each of the second compression images 6
(#K). In FIG. 5, decompression processing is omitted. In
FIG. 1, a sub-decompression unit 3-1 through a sub-decom-
pression unit 3-N in the FPGA #1 through the FPGA #N
form the decompression unit 17. Specifically, as illustrated
in FIG. 1, the sub-decompression units 3-K in the FPGAs #K
decompress the first compression images 5 (#K). For
example, in the FPGA #1, the sub-decompression unit 3-1
decompresses the first compression image 5 (#1), and gen-
erates a decompression image 7 (#1). The same applies to
the other FPGAs.

The error sum image generation unit 13 generates a
AimgK being an error image indicating a compression error
of' a decompression image 7 (#K) relative to the imgK. The
error sum image generation unit 13 generates AimgK every
the decompression image 7 (#K). Hereinafter, an error image
is denoted by a AimgK. The error sum image generation unit
13 generates AimgKs from the imgKs and the decompres-
sion images 7 (#K). A description is provided by taking an
img1 for example. By taking a case of K=1 for example, the
error sum image generation unit 13 generates a Aimgl from
the img]1 and the decompression image 7 (#1). The error sum
image generation unit 13 may receive the imgl from the
division unit 11, or from the FPGA #1. The error sum image
generation unit 13 receives the decompression image 7 (#1)
from the sub-decompression unit 3-1 of the FPGA #1.

When a decompression image 7 (#K) is not transmitted to
the control FPGA #0 within a prescribed time due to
abnormality, that is, when the control FPGA #0 does not
receive a decompression image 7 (#K) within a prescribed
time, the error sum image generation unit 13 treats a AimgK
corresponding to the decompression image 7 (#K) that is not
received, as having all pixel values being zero.

<Step S15: Generation of Dj>

In a step S15, the judgment unit 14 judges whether a
compression error indicated by a AimgK being an error
image exceeds a tolerable value TH, and generates judgment
data Dj indicating a judgment result. The judgment data Dj
is a number indicating K of the imgK. For example, when a
compression error indicated by a AimgM (K=M) exceeds a
tolerable value TH, the judgment data Dj={M} is obtained.
Further, the judgment unit 14 judges whether a decompres-
sion image 7 (#K) is received from the sub-decompression
unit 3-K or not, and generates judgment data Dj indicating
the judgment result. For example, when a decompression
image 7 (#M) is not received due to abnormality, the
judgment unit 14 generates judgment data Dj being the
judgment data Di={M}.

<Step S16: Generation of AimgSUM>

In a step S16, the error sum image generation unit 13
aggregates pixel values at the same pixel positions in each
AimgK, and generates a AimgSUM including the pixel
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values aggregated for each pixel position. Generation of a
AimgSUM is the same as generation of an imgSUM
described in the step S13. Specifically as follows.

The Aimgl through the AimgN include Np pieces of
pixels i (i=1, 2 . . . Np) from the pixel 1 through the pixel
Np, as with the img1 through the imgN. A pixel i of a AimgK
is denoted by a pixel (K, i). Data wherein the pixels from the
Aimgl through the AimgN are aggregated is denoted by
AP(®D).

Hence it follows that:

P(1)=pixel(1,1)+pixel(2,1)+ . . . +pixel(V,1),

P(2)=pixel(1,2)+pixel(2,2)+ . . . +pixel(N,2),

P(i)=pixel(1,i)+pixel(2,i)+ . . . +pixel(N,?),

P(Np)=pixel(1,Np)+pixel(2,Np)+ . . . +pixel(V,Np)

AimgSUM is expressed by using AP(1) through AP(Np)
as follows:

AimgSUM={AP(1),AP(2), . . . AP(i), . . . AP(Np)}

However, a AimgK being judged to exceed the tolerable
value TH is not used for generation of the error sum image
AimgSUM. For example, in a case of the judgment data
Di={M}, a AimgM is not used for generation of the
AimgSUM.

It is not necessarily essential that a AimgK judged to
exceed the tolerable value TH is not used for generation of
the error sum image AimgSUM. Depending on the quality
required for an alternative image, it is also applicable to use
a AimgK judged to exceed the tolerable value TH for
generation of the error sum image AimgSUM.

<Step S17: Generation of Ck>

The decompression unit 17 in the first embodiment
decompresses each of the first compression images 5 (#K) as
the decompression images 7 (#K). A code generation unit 18
generates error detection codes Ck of the first compression
images 5 (#K) by using the first compression images 5 (#K).
The transmission unit 15 transmits the error detection codes
Ck. A description of necessity to transmit the error detection
codes Ck will be provided in a step S25 below. Specifically
as follows. In the first embodiment, as illustrated in FIG. 1,
a sub-code generation unit 4-1 through the sub-code gen-
eration unit 4-N in the FPGA #1 through the FPGA #N form
the code generation unit 18. As illustrated in FIG. 1, the
sub-code generation units 4-K in the FPGAs #K generate the
error detection codes Ck of the first compression images 5
(#K). By taking the FPGA #1 for example, the sub-code
generation unit 4-1 generates an error detection code C1 of
the first compression image 5 (#1). The same applies to the
other FPGAs.

<Step S18: Transmission of Each Data>

The transmission unit 15 transmits the second compres-
sion images 6 (#K) for each imgK, the imgSUM, the
AimgSUM, the judgment data Dj and the detection codes
Ck.

<Step S21: Reception of Each Data>

In a step S21, the reception unit 21 of the image reception
device 200 receives each of the second compression images
6 (#K), the imgSUM, the AimgSUM, the judgment data Dj
and the detection codes Ck.

(1) Each of the second compression images 6 (#K) is each
image obtained by reversibly compressing each of the first
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compression images 5 (#K), which have been obtained by
irreversibly compressing each imgK of a plurality of imgKs
divided from an original image.

(2) An imgSUM is an image, into which pixel values at
the same pixel positions in each imgK are aggregated for
each pixel position.

(3) A AimgSUM is an image, into which pixel values at
the same pixel positions in AimgKs, each of which is an
error image indicating a compression error of a decompres-
sion image 7 (#K) relative to an imgK, with respect to each
of the decompression images 7 (#K) into which either each
of' the first compression images 5 (#K) or each of the second
compression images 6 (#K) has been decompressed, are
aggregated for each pixel position.

(4) Judgment data Dj is data indicating whether a com-
pression error indicated by a AimgK exceeds a tolerable
value TH.

(5) An error detection code Ck is an error detection code
generated from the first compression images 5 (#K).

<Step S22: Decompression>

In a step S22, the reception-side decompression unit 22
decompresses the second compression images 6 (#K), and
generates reception-side decompression images 8 (#K)
being decompression images.

<Step S23: Error Determination>

In a step S23, the error determination unit 23 refers to the
judgment data Dj, and determines an error decompression
image 9 (#K), being a reception-side decompression image
8(#K) including an error. For example, in a case of the
judgment data Dj={M}, as described in a step S15, the error
determination unit 23 determines that an error exists in a
reception-side decompression image 8 (#M). The error
decompression image 9 (#K) is regarded as an error decom-
pression image 9 (#M).

<Step S24: Generation of Alternative Image>

In a step S24, the image generation unit 24 generates an
alternative image of the error decompression image 9 (#M).
The image generation unit 24 generates an alternative image
(#M) substituting for the error decompression image 9 (#M),
by performing removal of data included in the reception-side
decompression images 8 (#K) except for the error decom-
pression image 9 (#M), and addition of data included in the
AimgSUM, with respect to the imgSUM.

It follows that:

Alternative Image(#M)=imgSUM-[Reception-side
Decompression Images 8 except for Reception-

side Decompression Image 8(#M)]+

AimgSUM=imgM+AimgM (Formula 1).

The meaning of (Formula 1) is as follows, specifically.
The pixel number of the imgSUM, the pixel number of
[Reception-side Decompression Images 8 except for Recep-
tion-side Decompression Image 8 (#M)], and the pixel
number of the AimgSUM are the same. (Formula 1) is
calculated for each pixel. By calculating for each pixel,
Alternative Image (#M)=imgM+AimgM is obtained by For-
mula 1. The imgM is data included in the imgSUM, and the
AimgM is data included in the AimgSUM.

However, in a case of the judgment data Dj={M}, sub-
stantially, it follows Alternative Image (#M)=imgM, and the
alternative image coincides with an original image before
irreversible compression. This is because, in the step S16, a
AimgM exceeding a tolerable value TH is not used for
generation of the AimgSUM, and it can be considered that
a total pixel value of the AimgM is zero.

In a case of error detection by a step S25 as given below,
since the AimgM is generally included in the AimgSUM, the
alternative image (#M) is as described in Formula 1, and an
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alternative image including a compression error due to
irreversible compression is obtained.

In the explanation above, it is described that the imgSUM
and the AimgSUM are obtained by addition of each pixel.
However, if it is possible to restore an alternative image
from the imgSUM and the AimgSUM, it may be applicable
to adopt XOR or a combination of addition and subtraction
of each FPGA from the FPGA #1 through the FPGA #N.
That is, it is possible to utilize an operation to meet the
associative law, and to include an inverse operation.

<Step S25: Collation and Generation of Alternative
Image>

In a step S25, a collation unit 25 collates an error detection
code Ck with collation data Xk. In the first embodiment, the
AimgSUM is generated by decompressing each of the first
compression images 5 (#K). Therefore, in the image trans-
mission device 100 of the first embodiment, for error detec-
tion after reversible compression, it is necessary to transmit
an error detection code to the ground, and to check an error
detection code in a ground-side system. The reception unit
21 receives error detection codes Ck (K=1, .. . N) of the first
compression images 5 (#K) generated by using the first
compression images 5(#K). The collation unit 25 generates
the collation data Xk to be collated with the error detection
codes Ck (K=1, . . . N) by using the second compression
images 6 (#K) received by the reception unit 21. The
collation unit 25 collates the error detection codes Ck with
the collation data Xk, and determines a second compression
image 6 (#K) including an error. For example, a second
compression image 6 (#M) is determined to be the second
compression image 6 (#K) including an error. The image
generation unit 24 performs, with respect to the imgSUM,
removal of data included in the reception-side decompres-
sion images 8 (#K) except for a reception-side decompres-
sion image 8 (#M) of the second compression image 6 (#M)
determined to have an error, and addition of data included in
the AimgSUM. By this execution, the image generation unit
24 generates an alternative image to substitute for the
reception-side decompression image 8 (#M) of the second
compression image 6 (#M) determined to include an error.
Generation of the alternative image to substitute for the
reception-side decompression image 8 (#M) by the image
generation unit 24 is the same as generation of an alternative
image by the image generation unit 24 in the step S24.

Effect of First Embodiment

(1) By the image transmission device 100 in the first
embodiment, when an error occurs in a decompression
image decompressed on a reception side, it is possible to
transmit data whereby a decompression image when an error
does not occur or a restoration image equivalent to an
original image before compression can be obtained.

(2) The image transmission device 100 in the first embodi-
ment generates a AimgK being an error image from the first
compression images 5 (#K), which have been obtained by
irreversibly compressing divided images. Therefore, since
operations for data decompression after irreversible com-
pression are relatively easy, it is possible to suppress an
operation scale of the FPGA #1 through the FPGA #N.

It is also applicable to perform compression processing of
the imgSUM and the AimgSUM on the control FPGA #0.

Second Embodiment

With reference to FIG. 6 through FIG. 9, an image
transmission device 100 and an image reception device 200
according to a second embodiment will be described.
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FIG. 6 illustrates a configuration of the image transmis-
sion device 100. In the image transmission device 100
according to the second embodiment, each FPGA does not
include a sub-code generation unit, in opposition to the
image transmission device 100 according to the first
embodiment. This is because, in the second embodiment, in
order to make AimgKs being compression error images, the
image transmission device 100 decompresses second com-
pression images 6 (#K) being images after reversible com-
pression, and makes the AimgKs from the difference
between decompression images 7 (#K) of the second com-
pression images 6 (#K) and imgKs being divided images.
The image transmission device 100 according to the second
embodiment is the same as the image transmission device
100 according to the first embodiment except that each
FPGA does not include a sub-code generation unit.

FIG. 7 illustrates a configuration of the image reception
device 200. The image reception device 200 according to the
second embodiment does not include a collation unit 25, in
opposition to the image reception device 200 according to
the first embodiment.

FIG. 8 is a flowchart illustrating operations of the image
transmission device 100 and the image reception device 200.

With reference to FIG. 8, operations of the image trans-
mission device 100 and the image reception device 200 will
be described. Steps different from those in the first embodi-
ment will be described, and steps of the same processing as
those in the first embodiment are denoted by the same step
numbers. A description of the steps of the same processing
is omitted.

<Step S11: Division>

In a step S11, the division unit 11 divides an original
image into a plurality of divided images. The step S11 in the
second embodiment is the same as the step S11 in the first
embodiment.

<Step S12: Compression>

In a step S12, irreversible compression units and revers-
ible compression units in each FPGA compress imgKs. The
step S12 in the second embodiment is the same as the step
S12 in the first embodiment.

<Step S13: Generation of imgSUM>

In a step S13, a division sum image generation unit 12
being a first generation unit generates an imgSUM being a
division sum image. The step S13 in the second embodiment
is the same as the step S13 in the first embodiment.

<Step S14a: Decompression, Generation of AimgSUM>

In a step S14a, an error sum image generation unit 13
being a second generation unit generates a AimgSUM being
an error image. As a prerequisite for generating a AimgK by
the error sum image generation unit 13, a decompression
unit 17 decompresses either each of the first compression
images 5 (#K) or each of the second compression images 6
(#K), as decompression images 7 (#K). In the second
embodiment, as illustrated in FIG. 6, the decompression unit
17 decompresses each of second compression images 6
(#K). In FIG. 6, a sub-decompression unit 3-1 through a
sub-decompression unit 3-N in an FPGA #1 through an
FPGA #N form the decompression unit 17. Specifically, as
illustrated in FIG. 6, sub-decompression units 3-K in FPGAs
#K decompress second compression images 6 (#K). For
instance, in a case of an FPGA #1, the sub-decompression
unit 3-1 decompresses a second compression image 6 (#1),
and generates a decompression image 7 (#1). The same
applies to the other FPGAs.

The error sum image generation unit 13 generates a
AimgK being an error image indicating a compression error
of' a decompression image 7 (#K) relative to an imgK, for
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each of the decompression images 7 (#K). The error sum
image generation unit 13 generates AimgKs from the imgKs
and the decompression images 7 (#K). A description will be
provided by taking an imgl for example. For instance, in a
case of K=1, the error sum image generation unit 13
generates a Aimgl from the imgl and a decompression
image 7 (#1). It may be applicable for the error sum image
generation unit 13 to receive the imgl from the division unit
11, or from the FPGA #1. The error sum image generation
unit 13 receives the decompression image 7 (#1) from the
sub-decompression unit 3-1 in the FPGA #1.

<Step S15: Generation of Dj>

In a step S15, a judgment unit 14 judges whether a
compression error indicated by the AimgK being an error
image exceeds a tolerable value TH, and generates judgment
data Dj indicating a judgment result. The step S15 in the
second embodiment is the same as the step S15 in the first
embodiment.

<Step S16: Generation of AimgSUM>

In a step S16, the error sum image generation unit 13
aggregates pixel values at the same pixel positions in each
AimgK, and generates a AimgSUM including pixel values
aggregated for each pixel position. The step S16 in the
second embodiment is the same as the step S16 in the first
embodiment.

<Step S18a: Transmission of Each Data>

A transmission unit 15 transmits the second compression
images 6 (#K) for each imgK, the imgSUM, the AimgSUM
and the judgment data Dj.

<Step S21a: Reception of Each Data>

In a step S21a, a reception unit 21 receives each of the
second compression image 6 (#K), the imgSUM, the
AimgSUM and the judgment data Dj. In opposition to the
step S21 according to the first embodiment wherein an error
detection code Ck is also received, in the step S21a, an error
detection code Ck is not received.

<Step S22: Decompression>

In a step S22, a reception-side decompression unit 22
decompresses the second compression images 6(#K), and
generates reception-side decompression images 8(#K). The
step S22 in the second embodiment is the same as the step
S22 in the first embodiment.

<Step S23: Error Determination>

In a step S23, an error determination unit 23 refers to the
judgment data Dj, and determines an error decompression
image 9 (#K) being a reception-side decompression image 8
(#K) including an error. The step S23 in the second embodi-
ment is the same as the step S23 in the first embodiment.

<Step S24a: Generation of Alternative Image>

In a step S24a, an image generation unit 24 generates an
alternative image of an error decompression image 9 (#M).
The image generation unit 24 generates an alternative image
(#M) substituting for the error decompression image 9 (#M)
by performing removal of data included in the reception-side
decompression images 8 (#K) except for the error decom-
pression image 9 (#M), and addition of data included in the
AimgSUM. It follows that:

Alternative Image(#M)=imgSUM-[Reception-side
Decompression Images 8 except for Reception-

Side Decompression Image 8(#M)]+

AimgSUM=imgM (Formula 2)

The meaning of (Formula 2) is different from the step S24
in the first embodiment in that the alternative image (#M)
never includes a AimgM.

Effect of Second Embodiment

(1) The image transmission device 100 in the second
embodiment generates a AimgK being an error image from
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a second compression images 6 (#K) being a divided image
having undergone irreversible compression and reversible
compression. Therefore, by error judgment to generate judg-
ment data Dj in the control FPGA #0, it is guaranteed that
there is no error in all compression processing in the FPGA
#1 through the FPGA #N. As a result, ground transmission
of an error detection code and checking in a ground side
system become unnecessary, and a configuration of an entire
system is simplified.

(2) Since the image transmission device 100 in the second
embodiment does not use a AimgK indicated by judgment
data Dj for generation of a AimgSUM, it is possible to
always restore an image equivalent to an original image
before compression on the ground side.

<Supplement to Hardware Configuration>

FIG. 9 illustrates a hardware configuration of the image
transmission device 100 when the image transmission
device 100 is realized by software. With reference to FIG. 9,
an additional explanation is provided of a hardware con-
figuration of the image transmission device 100. As illus-
trated in FIG. 9, the image transmission device 100 includes,
as functional components, the division unit 11, the division
sum image generation unit 12, the error sum image genera-
tion unit 13, the judgment unit 14, the transmission unit 15,
the compression unit 16, the decompression unit 17 and the
code generation unit 18. The transmission unit 15 commu-
nicates with the image reception device 200 by controlling
a transmission device 151 via a communication IF 150.

As illustrated in FIG. 9, the image transmission device
100 is a computer. The image transmission device 100
includes a processor 110. Besides the processor 110, the
image transmission device 100 includes other hardware
components such as a main storage device 120, an auxiliary
storage device 130, an input and output (IF 140 and the
communication IF 150. The processor 110 is connected to
other hardware components via a signal line 160, to control
other hardware components. Functions of the division unit
11, the division sum image generation unit 12, the error sum
image generation unit 13, the judgment unit 14, the trans-
mission unit 15, the compression unit 16, the decompression
unit 17 and the code generation unit 18 are realized by the
image transmission program 111 stored in the auxiliary
storage device 130. The image transmission program 111 is
a program to realize the functions of the division unit 11, the
division sum image generation unit 12, the error sum image
generation unit 13, the judgment unit 14, the transmission
unit 15, the compression unit 16, the decompression unit 17
and the code generation unit 18.

The processor 110 executes the image transmission pro-
gram 111. The processor 110 is an integrated circuit (IC) to
perform arithmetic processing. Specific examples of the
processor 110 are the same as the processor 210. The input
and output IF 140 is a port through which data is input and
output from each device. The communication IF 150 is a
communication port whereby a processor communicates
with other devices. The transmission device 151 is con-
nected to the communication IF 150. The image transmis-
sion program 111 is a program to make a computer perform
each process, each procedure or each step of “processes,”
“procedures,” or “steps,” with which the division unit 11, the
division sum image generation unit 12, the error sum image
generation unit 13, the judgment unit 14, the transmission
unit 15, the compression unit 16, the decompression unit 17
and the code generation unit 18 are replaced.

Further, an image transmission method is a method per-
formed by the image transmission device 100 being a
computer executing the image transmission program 111.
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The image transmission program 111 may be stored in a
computer-readable storage medium, or may be provided as
a program product. In FIG. 1 and FIG. 6, with respect to the
image transmission device 100, configurations using FPGAs
are described. For the image transmission device 100, a large
scale integration (LSI) such as an application specific stan-
dard produce (ASSP) or an application specific integrated
circuit (ASIC) may be used. In FIG. 1 and FIG. 6, for the
image transmission device 100, processing by hardware
components is described. However, as illustrated in FIG. 9,
the image transmission device 100 may be realized by
software. Further, whereas the image reception device 200 is
realized by software in FIG. 3, the image reception device
200 may be realized by hardware components. The control
FPGA #0 and the FPGA #1 through FPGA #N illustrated in
FIG. 1 and FIG. 6 are examples of realization of the image
transmission device 100. For example, the FPGA #1 through
the FPGA #N may be configured by a large-scale single
FPGA. Otherwise, the FPGA #1 through the FPGA #N may
be realized by a plurality of FPGAs smaller in number than
N.

Each electronic circuit such as the processor 110 and the
FPGAs is also referred to as processing circuitry. The image
transmission device 100 and the image reception device 200
may be realized by processing circuitry.

It is described that the image transmission device 100
according to the first embodiment and the second embodi-
ment is mounted on a spacecraft, and the image reception
device 200 is installed in a ground station. However, use
forms of the image transmission device 100 and the image
reception device 200 are not limited to them.

The image transmission device 100 in the first embodi-
ment and the second embodiment may aggregate pixel
values at the same pixel positions in an imgSUM and a
AimgSUM, and transmit the pixel values as imgSUM+
AimgSUM.

Hereinabove, the embodiments of the present invention
have been described, and two of these embodiments may be
implemented in combination. Otherwise, one of these
embodiments may be partially implemented. Otherwise, two
and more of these embodiments may be partially imple-
mented in combination. The present invention is not limited
to these embodiments, and various modifications can be
made as needed.

REFERENCE SIGNS LIST

1-1, 1-2, 1-N: irreversible compression unit; 2-1, 2-2,
2-N: reversible compression unit; 3-1, 3-2, 3-N: sub-decom-
pression unit; 4-1, 4-2, 4-N: sub-code generation unit; 5: first
compression image; 6: second compression image; 7:
decompression image; 8: reception-side decompression
image; 9: error decompression image; 11: division unit; 12:
division sum image generation unit; 13: error sum image
generation unit; 14: judgment unit; 15: transmission unit; 16:
compression unit; 17: decompression unit; 18: code genera-
tion unit; 21: reception unit; 22: reception-side decompres-
sion unit; 23: error determination unit; 24: image generation
unit; 25: collation unit; 100: image transmission device; 110:
processor; 111: image transmission program; 120: main
storage device; 130: auxiliary storage device; 140: input and
output IF; 150: communication IF; 151: transmission
device; 160: signal line; 200: image reception device; 210:
processor; 211: image reception program; 220: main storage
device; 230: auxiliary storage device; 240: input and output
IF; 250: communication IF; 251: reception device; 260:
signal line
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The invention claimed is:

1. An image transmission device comprising:

processing circuitry to:

generate a first compression image by irreversibly com-

pressing each divided image of a plurality of divided

images obtained by dividing an image, and generate a

second compression image by reversibly compressing

the first compression image;

decompress either one of the first compression image and

the second compression image, as a decompression

image;

aggregate a pixel value at a same pixel position in the

divided image, and generate a division sum image

including a pixel value aggregated for the same pixel
position;

generate, for the decompression image, an error image

indicating a compression error of the decompression
image relative to the divided image, aggregate a pixel
value at a same pixel position in the error image, and
generate an error sum image including the pixel value
aggregated for the same pixel position;

judge whether the compression error indicated by the

error image exceeds a tolerable value, and generate

judgment data indicating a judgment result, and

transmit the second compression image for the divided
image, the division sum image, the error sum image
and the judgment data.

2. The image transmission device as defined in claim 1,

wherein the processing circuitry:

decompresses the first compression image as the decom-

pression image,

generates an error detection code of the first compression

image by using the first compression image, and

transmits the error detection code.

3. The image transmission device as defined in claim 1,
wherein the processing circuitry does not use the error image
judged to exceed the tolerable value for generation of the
error sum image.

4. The image transmission device as defined in claim 2,
wherein the processing circuitry does not use the error image
judged to exceed the tolerable value for generation of the
error sum image.

5. An image reception device comprising:

processing circuitry to receive;

a second compression image obtained by reversibly
compressing a first compression image, into which
each divided image of a plurality of divided images
obtained by dividing an image has been irreversibly
compressed;

a division sum image wherein a pixel value at a same
pixel position in the divided image is aggregated for
the same pixel position;

an error sum image wherein, with respect to a decom-
pression image which is obtained by decompressing
either one of the first compression image and the
second compression image, a pixel value at a same
pixel position in an error image indicating a com-
pression error of the decompression image relative to
the divided image, is aggregated for the same pixel
position; and

judgment data indicating whether the compression
error indicated by the error image exceeds a tolerable
value;

decompress the second compression image, and to gen-

erate a reception-side decompression image being a

decompression image;
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refer to the judgment data and to determine an error
decompression image being the reception-side decom-
pression image including an error, and
generate an alternative image to substitute for the error
decompression image, by performing on the division
sum image, removal of data included in the reception-
side decompression image except for the error decom-
pression image, and addition of data included in the
error sum image.
6. The image reception device as defined in claim 5,
wherein the error sum image is obtained by decompress-
ing the first compression image,
and
wherein the processing circuitry:
receives an error detection code of the first compression
image, which has been generated by using the first
compression image,
generate collation data to be collated with the error
detection code, by using the second compression
image received, to collate the error detection code
with the collation data, and to determine the second
compression image including an error,
and
generates an alternative image to substitute for a recep-
tion-side decompression image of the second com-
pression image determined to include the error, by
performing, on the division sum image, removal of
data included in the reception-side decompression
image except for the reception-side decompression
image of the second compression image determined
to include the error, and addition of data included in
the error sum image.
7. A non-transitory computer-readable medium storing an

image transmission program that cause a computer to
execute:

a compression process to generate a first compression
image by irreversibly compressing each divided image
of'a plurality of divided images obtained by dividing an
image, and to generate a second compression image by
reversibly compressing the first compression image;

a decompression process to decompress either one of the
first compression image and the second compression
image, as a decompression image;

a first generation process to aggregate a pixel value at a
same pixel position in the divided image, and to gen-
erate a division sum image including a pixel value
aggregated for the same pixel position;

a second generation process to generate, for the decom-
pression image, an error image indicating a compres-
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sion error of the decompression image relative to the
each divided image, to aggregate a pixel value at a
same pixel position in the error image, and to generate
an error sum image including the pixel value aggre-
gated for the same pixel position,

a judgment process to judge whether the compression
error indicated by the error image exceeds a tolerable
value, and to generate judgment data indicating a
judgment result, and

atransmission process to transmit the second compression
image for the divided image, the division sum image,
the error sum image and the judgment data.

8. A non-transitory computer-readable medium storing an

image reception program that cause a computer to execute:
a reception process to receive;

a second compression image obtained by reversibly com-
pressing a first compression image, into which each
divided image of a plurality of divided images obtained
by dividing an image has been irreversibly compressed,

a division sum image wherein a pixel value at a same
pixel position in the divided image is aggregated for the
same pixel position;

an error sum image wherein, with respect to a decom-
pression image which is obtained by decompressing
either one of the first compression image and the
second compression image, a pixel value at a same
pixel position in error image indicating a compression
error of the decompression image relative to the
divided image, is aggregated for the same pixel posi-
tion; and

judgment data indicating whether the compression error
indicated by the error image exceeds a tolerable value;

a reception-side decompression process to decompress
the second compression image, and to generate a recep-
tion-side decompression image being a decompression
image;

an error determination process to refer to the judgment
data, and to determine an error decompression image
being the reception-side decompression image includ-
ing an error, and

an image generation process to generate an alternative
image to substitute for the error decompression image,
by performing on the division sum image, removal of
data included in the reception-side decompression
image except for the error decompression image, and
addition of data included in the error sum image.
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